Developmental forms of Trypanosoma l d s i continue to increase in number when the 'crisis' (normally occurring at the loth day) is inhibited; the inclusions which they contain also increase in number, density and refractile power. Suspensions of killed developmental forms containing multiple inclusions have greater protective power against a challenge infection than have similar suspensions of adult forms which contain a single inclusion. It is suggested that the multiple inclusions contain an antigenic factor which stimulates the production of a trypanocidal antibody and reacts with it to produce the crisis, but the single inclusions of the adult forms which survive the crisis have different antigenic properties.
The formation of antibody in the early stages of an infection of the rat Rattw norvegicus with Typanosoma lewisi has long been recognized as a constant phenomenon, and to be related to the 'crisis' which occurs at about the loth day of the infection, checks the rise in parasitaemia and produces an abrupt fall (Steffan, 1921) . This crisis marks the end of the initial 'polymorphic ' phase of the infection, leaving only ' monomorphic ' trypanosomes in the blood; these survive for a period varying from several days to several months. The final elimination of this monomorphic infection is also due to the formation of an antibody, but this has been shown (Taliaferro, Pizzi & D'Alesandro, 1958) to be distinct from antibody produced in the early stages of the infection and will not be considered further in this paper. This paper deals with the relationship of the multiple inclusions which appear in the posterior end of the dividing forms of Trypanosoma l errmki to the formation of antibody which occurs at the time of the crisis; the suggestion that there might be such a relationship arose from the appearance of these inclusions at the time of the crisis with T . Zewisi and from a similar finding in the very different conditions of an infection of the rat with 2'. rhodesiense (Ormerod, 1958) .
The work consisted of three experiments, details of which will be given separately in the sections on Methods and Results :
(1) A study of the effect of serum, obtained from infected rats in which a normal crisis had occurred, on the number, density and refractile power of inclusions.
(2) A similar study of inclusions in rats in which the crisis had been inhibited.
( 8 ) A comparison between the potency of suspensions of killed develop-G. Microb. XXI 19 288 mental forms containing multiple inclusions, with killed adult forms containing a single inclusion, in immunizing rats against a challenge infection with the same strain of Trypanosoma lezerisi.
METHODS
Two strains of Tvpanosoma Zeurisi were used throughout the course of this work; these are named the 'Winches' strain and R.N. 86 and have been described previously (Ormerod, 1958) . Transmission of the infection was made throughout by syringe, and in all experiments hooded laboratoryrats were used. Pooled serum was taken from rats after the crisis had occurred but while trypanosomes were still present in the circulation; it was stored in the freezing compartment of a domestic refrigerator. All the morphological observations were made with the x95 objective of a Cooke, Troughton and Sims phase-contrast microscope. Trypanosomes were partially immobilized between a glass coverslip and a film of agar (2 %, w/v) in physiological saline.
Study of inclusions after injection of serum
Six rats of c. 100 g. each were injected intraperitoneally with Trypanosoma Zmisi, c. 1000 adult organisms were given. An infection developed which could be studied satisfactorily by the 5th day. On the 5th day two of these rats were injected intraperitoneally with 0.5 and 1 ml. respectively of the serum, and on the 6th day two rats also received similar doses. The circulating trypanosomes of these rats and of the controls were examined 30 min. from the time of injection with serum and a t intervals throughout the next 3 days.
Stzldy of inclusions after inhibiting the crisis
The spleen was removed from rats of c. 300g. 6 days before the initial injection of trypanosomes. From the first day after injection of trypanosomes each animal was given a daily oral dose of sodium salicylate ( 5 yo, w/v) in distilled water by means of a syringe and needle tipped with polythene tube introduced into the stomach; 20 mg. salicylate/100 g. was enough to inhibit the crisis and to permit an infection of such extent that trypanosomes outnumbered red blood corpuscles. In the experiment shown in Table 1 several rats which were obviously infected with BartoneZZa mwis died early in the infection. Two, which did not show infection with B, muris, survived for 28 days; they became lethargic, cyanosed and developed gangrene of the tail. In another experiment the rats were killed at 16 days without any crisis having been observed,
Immunizing properties of dmebpmental and ad& tqpanosomes
Large numbers of trypanosomes in the developmental stages were obtained from infected rats in which the crisis had been inhibited by oral salicylate and splenectomy as described above. The trypanosomes were separated from blood cells by differential centrifugation a t c. 1000 rev/min and were preserved ... , Normal multiple inclusions ; t : :, large and numerous multiple inclusions; -. no trypanosomes seen in 10 fields x 95 (agar film) ; + . more than one trypanosome seen in 10 fields x 95 (agar film) ; + + , more than one trypanosome seen in 1 field x 95 (agar film) ; + + + , more trypanosomes than red blood corpuscles.
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On: Tue, 11 Dec 2018 05:13:32 290 W. E. Omerod in 2%, w/v, formol saline. The trypanosomes in this sample were highly polymorphic as shown in P1. 1. Adult forms were present in small proportion which could not be estimated but was likely to be of the order of 5 yo. similarly, trypanosomes from a normal, uninfluenced infection were separated 4 days after the initial crisis and preserved in formol saline (this presented slightly more difficulty since the yield of trypanosomes from an infected rat in which a normal crisis had occurred was less than a tenth of the yield from a rat in which the crisis had been inhibited). This second sample contained o d y monomorphic ' adult ' trypanosomes. This was confirmed by examining the sample itself and by frequent examination of infections at the same phase of development; in no instance were immature forms observed after the crisis had occurred. The immunizing properties of the two samples were compared by injecting each of a set of clean litter-mate rats of matched weights of c. 100 g., at intervals of 3 days, with 6 doses of suspension; each dose was given intraperitoneally and contained 40 x 106 killed trypanosomes. Ten days after the last dose the immunized rats, together with unimmunized controls, were given a challenge dose of 1000 adult trypanosomes of the same strain.
The result of one such experiment was assessed by counting the number of trypanosomes per Q in. microscopic field ; this produced clear-cut results which were analysed by means of the 't' test (Fisher, 1950) ; but because of the possible inaccuracies in the method of counting, the experiment was repeated by a more precise method, fuller details of which will be published later.
In this method a small drop of blood on a coverslip was applied carefully to an agar film so that the red blood corpuscles spread to form an unicellular layer, lying edge to edge; and along the edge of this 'phalanx' the organisms were counted. The result was expressed as trypanosomes per ' linear field ', this being the length along the edge of the phalanx circumscribed by a microscopic field.
RESULTS

Study of inclusions after injection of serum
A study of the morphology of inclusions was made after injection of serum from infected animals (see Methods). Little change in the morphology was observed beyond a slight diminution in the number of trypanosomes as compared with controls ; this diminution can be ascribed to the destruction of developmental forms by the serum, as previously described by Coventry (1930) . These experiments were not further developed or assessed quantitatively since the results were negative, i.e. they had shown that the inclusions were not developed in the presence of serum,
Study of inclzlsiolzs after the inhibition of the crisis
The technique of inhibiting the crisis by oral sodium salicylate (Becker & Gallagher, 1947 ) was compared with the use of splenectomy done and with the two techniques combined, as shown in Table 1 . The best results were obtained by using the combined techniques; these were sufficiently striking for it to be unnecessary to count the number of trypanosomes obtained in Cytoplasmic inclwioras in T. lewisi 291 the different groups. In the group treated by combined splenectomy and salicylate, not only was the crisis inhibited but the inclusions (usually produced only a t the time of the crisis) continued to develop and became numerous and dense as shown in P1. 'I; normally inclusions present in Trypunosoma hi& are faint and scanty as compared with other species (cf. Ormerod, 1958) , but these inclusions which developed in conditions designed to decrease or inhibit the circulation of antibody continued to develop without any apparent check. A comparison of the effect of immunizing rats with suspensions of killed  adult forms and of developmmtal forms on the eztent and duration 
of infection
The results of two experiments are recorded; in each, day 1 is taken as the day before trypanosomes were first seen in the blood. For definition of the term 'linear field' see text.
No. of rat material used for immunization Expt. 1 .4dult forms Fig. 1 show the result of immunization of rats with suspensions containing equal numbers of killed trypanosomes ; the two test suspensions were derived, one from rats treated by splenectomy and with salicylate and the other from rats in which the infection had undergone a normal crisis. The result shows clearly that the suspension of developmental forms had greater protecting power against subsequent challenge than the suspension of adult forms. 
Immunizing properties of developmental and adult trypanosomes
DISCUSSION
If there is any connection between the formation of inclusions in Trypanosma lewisi and antibodies which precipitate the crisis, it is not because the antibodies themselves produce the inclusions (cf. Ormerod, 1958) since inclusions develop more readily when antibody formation is inhibited. In the presence of antibody the forms which contain multiple inclusions disappear from the circulation. The inclusions are evidently produced in the natural course of the trypanosome's growth and development which is normally cut short by an tibody. These experiments show that the developmental forms are more antigenic than the adult forms of Trypanosoma ZeretiSi. This provides an explanation of why in a normal infection the developmental forms are eliminated from the blood during the crisis, while the adult forms remain in circulation for a longer period until they too are eliminated from the circulation, as described in the introduction to this paper.
Reference has already been made to the work of Coventry (1930). The ' trypanolytic antibody' which she described is probably the same as the effect to which this paper refers; both are active against developmental forms and inactive against adults. Coventry's trypanolytic antibody has been accepted by Taliaferro (1932) as the direct precipitating cause of the crisis, although he continues to maintain that in addition a factor is produced which inhibits the growth of Trypanosoma ZmiSi. CytopEasmic inclzlsiorns in, T. lewisi 293 are also likely to be concerned with the same type of antibody with which this paper deals, since I believe for the following reasons that their 'metabolic products' are derived from the developmental forms. These workers made a suspension of living trypanosomes from an infected rat ' before noticeable ablastin had formed' (this I take to mean that the crisis had not yet occurred and that both developmental forms and adults were present). They incubated the suspension and after a period separated the trypanosome bodies from the incubation fluid by centrifugation; rats were immunized with the incubation fluid and with the trypanosome bodies and it was found that the fluid had the greater potency for protecting rats against a challenge infection. Thillet & Chandler stated that the number of trypanosomes before and after incubation remained the same and this statement is of prime importance to their argument, although they gave no figures or limits of experimental error to support it, for it is unlikely that the developmental forms which lyse and rupture easily would survive 12 hr. incubation as readily as the more robust adults. Consequently part, at least, of the greater antigenic properties of the incubation fluid seem likely to be due to the liberation of breakdown products from developmental forms and to the relative concentration of adults among the trypanosome bodies.
Suggested mechanism of immunity
It would be unwise to attribute the immune phenomena in the early stages of Trypanosma lmisi infection directly to the formation of inclusions, before demonstrating the essential fact of antigenicity of the structures themselves; but it is worth showing how simple a hypothetical mechanism of the immune process in infections with 2'. Zmisi would be were one to assume as a fact the antigenicity of the inclusions. In a normal infection inclusions do not begin to develop until about the 7th day; consequently no appreciable amount of antibody would be expected to form until this time. From then on inclusions and consequent antibody would form, and the inclusion-bearing trypanosomes would be destroyed by the antibody in increasing numbers with further production of antibody until an excess of antibody over antigen was present in the blood. At this point the crisis would occur and all developmental forms be killed, The adult forms with only a single inclusion of different antigenic nature would survive as being insensitive to the circulating antibody since as has already been stated they are known to stimulate the formation of a distinct antibody. After a longer interval, however, another antibody would form against their particular antigen, and they too would disappear from the circulation. 
